PARKING ASSIST APPARATUS 

This application is based on and claims priority under 35 U.S.C. § 119 with 
respect to Japanese Application No. 2003-088650 filed on March 27, 2003, the 
entire contents of which are incorporated herein by reference. 

FIELD OF THE INVENTION 

[0001] This invention generally relates to a parking assist apparatus for 
calculating a traveling locus of a vehicle to a target parking position and guiding 
the vehicle along the calculated traveling locus. More particularly, this invention 
pertains to a parking assist apparatus for calculating a new traveling locus of the 
vehicle to the target parking position in case that a deviation of a present vehicle 
position from the calculated traveling locus is large. 

BACKGROUND OF THE INVENTION 

[0002] A known parking assist apparatus calculates a traveling locus of a vehicle 

to a target parking position and guides the vehicle along the calculated traveling 

locus. Such a parking assist apparatus is disclosed in Japanese Patent Laid- 

Open Publication No. H10-264839. According to the disclosed parking assist 

apparatus, a deviation amount of a present vehicle position from the calculated 

traveling locus is calculated while the vehicle is guided to the target parking 

position. When the deviation amount reaches or exceeds a predetermined value, 

the traveling locus to the target parking position is recalculated to thereby 

specify a new traveling locus required for a movement of the vehicle. Therefore, 
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the vehicle may be guided along a newly calculated traveling locus each time the 
vehicle is deviated from the traveling locus to the target parking position 
according to the disclosed parking assist apparatus. 

[0003] According to the disclosed parking apparatus, the vehicle is appropriately 
guided to the target parking position by calculating the new traveling locus in 
case that the vehicle is slightly deviated from the initially calculated traveling 
locus due to a small obstacle such as an inclination of a road and a stone, a 
disturbance such as a change of a wheel radius caused by a change of a load 
mounted on the vehicle, and the like. However, if an error of a system itself of 
the parking assist apparatus occurs, the vehicle cannot be ultimately guided to 
the target parking position even though the new traveling locus is calculated. As 
a result, the vehicle cannot be parked in the target parking position. 
[0004] When the new traveling locus is repeatedly calculated each time the 
deviation of the present vehicle position from the initially calculated traveling 
locus is detected to thereby guide the vehicle to the target parking position, the 
vehicle may move in an unexpected manner due to the continuation of the 
parking assist control. 

[0005] Thus, a need exists for a parking assist apparatus that can stop a parking 
assist control immediately when a system error occurs. 

SUMMARY OF THE INVENTION 

[0006] According to an aspect of the present invention, a parking assist 
apparatus includes an initial traveling locus calculating means for calculating an 
initial traveling locus from an initial position of a vehicle to a target parking 
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position in which the vehicle is desired to be parked, a new traveling locus 
calculating means for calculating a new traveling locus from a present vehicle 
position to the target parking position when a deviation amount of the present 
vehicle position from the initial traveling locus is equal to or greater than a first 
predetermined value, and a parking assist means for performing a parking assist 
to guide the vehicle along the traveling locus generated by one of a calculation of 
the initial traveling locus calculating means and a calculation of the new 
traveling locus calculating means. The parking assist apparatus further includes 
an initial traveling locus deviation calculating means for calculating the 
deviation amount of the present vehicle position from the initial traveling locus 
generated by the calculation of the initial traveling locus calculating means. The 
parking assist means stops performing the parking assist when the deviation 
amount calculated by the initial traveling locus deviation calculating means is 
equal to or greater than a second predetermined value which is greater than the 
fist predetermined value, 

[00071 According to another aspect of the present invention, a parking assist 

apparatus includes an initial traveling locus calculating means for calculating an 

initial traveling locus from an initial position of a vehicle to a target parking 

position in which the vehicle is desired to be parked, a new traveling locus 

calculating means for calculating a new traveling locus from a present vehicle 

position to the target parking position when a deviation amount of the present 

vehicle position from a current traveling locus is equal to or greater than a first 

predetermined value, and a parking assist means for performing a parking assist 

to guide the vehicle along the traveling locus generated by a calculation of the 

initial traveling locus calculating means or a calculation of the new traveling 
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locus calculating means. The parking assist apparatus further includes a 
number counting means for counting a number of the new traveling locus to be 
generated by the calculation of the new traveling locus calculating means after 
the initial traveling locus is generated by the calculation of the initial traveling 
locus calculating means. The parking assist means stops performing the parking 
assist when the number of the new traveling locus to be generated, which is 
counted by the number counting means, is equal to or greater than a 
predetermined number. 

BRIEF DESCRIPTION OF THE DRAWING FIGURES 

[0008] The foregoing and additional features and characteristics of the present 
invention will become more apparent from the following detailed description 
considered with reference to the accompanying drawing figures in which like 
reference numerals designate like elements. 

[0009] Fig. 1 is a system block diagram of a parking assist apparatus mounted on 

a vehicle according to an embodiment of the present invention; 

[0010] Fig. 2A is a view of an image displayed on a screen when a target parking 

position for a garage parking is set according to the embodiment of the present 

invention; 

[0011] Fig. 2B is a view of the image displayed on the screen when the target 
parking position for a parallel parking is set according to the embodiment of the 
present invention; 

[0012] Fig. 3 is a view showing the traveling locus to the target parking position 
at the garage parking; 
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[0013] Fig. 4 is a view showing the traveling locus to the target parking position 
at the parallel parking; 

[0014] Fig. 5 is a view showing a state in which the traveling locus to the target 
parking position is changed in response to the movement of the vehicle at an 
occurrence of a system error according to the embodiment of the present 
invention; and 

[0015] Fig. 6 is a flowchart of a control routine performed in the parking assist 
apparatus according to the embodiment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0016] An embodiment of the present invention is explained referring to attached 
drawings. Fig. 1 is a system block diagram of a parking assist apparatus 10 
mounted on a vehicle according to the embodiment of the present invention. The 
parking assist apparatus 10 controls to steer the vehicle automatically without 
an operation of a vehicle driver at a time of garage parking and parallel parking 
so that the vehicle is guided along a traveling locus to a target parking position 
being set by the vehicle driver (herein after called "parking assist control"). 
[0017] As shown in Fig. 1, the parking assist apparatus 10 includes an electronic 
control unit for parking assist 12 (hereinafter called "parking assist ECU") and is 
controlled thereby. A rearward monitoring camera 14 (hereinafter called 
"camera") is connected to the parking assist ECU 12. The camera 14 is disposed 
at a center of a vehicle rear portion and takes images rearward of the vehicle 
within a predetermined angle range. The image information of the camera 14 is 
supplied to the parking assist ECU 12. 
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[0018] A touch display 16 is also connected to the parking assist ECU 12. The 
touch display 16 is disposed in a certain position so that the vehicle driver can 
view and operate (for example, at a center of an instrument panel). When a shift 
lever is in a reverse position, the parking assist ECU 12 brings the touch display 
16 to display the image taken by the camera 14, for example. Then, a rearward 
image of the vehicle is displayed on a screen of the touch display 16 in accordance 
with an instruction of the parking assist ECU 12. In addition, the touch display 
16 displays a reference line, frame and the like for the parking assist control 
additionally on the image taken by the camera 14 in accordance with an 
instruction of the parking assist ECU 12. 

[0019] A touch operation portion of a pressure-sensitive type, a warm-sensitive 
type and the like that can be operated by the driver is provided on the touch 
display 16. The touch operation portion includes a plurality of switches having a 
hierarchical structure and displayed on the screen in accordance with an 
instruction of the parking assist ECU 12. The parking assist ECU 12 detects a 
touch operation conducted by the driver on the touch operation portion and 
performs a procedure in response to that operation conducted on the touch 
operation portion. The touch operation portion includes a switch for starting a 
garage parking mode, a switch for starting a parallel parking mode, an arrow 
button switch for setting a target parking position in which the driver parks the 
vehicle, and the like. 

[0020] An electrical power steering system 18 (hereinafter called EPS) is further 
connected to the parking assist ECU 12. The EPS 18 includes a torque sensor for 
detecting a steering torque applied to a steering shaft by a steering operation of 
the vehicle driver, a steering angle sensor for detecting a steering angle of the 
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steering shaft, and an electric motor for applying a torque to the steering shaft. 
The EPS 18 generates a torque in the electric motor so that the steering torque 
produced upon the steering operation by the driver can be assisted. At the same 
time, the EPS 18 generates the torque in the electric motor for steering the 
vehicle without the steering operation of the driver at the garage parking and the 
parallel parking along with the parking assist control (to be mentioned later). 
[0021] The EPS 18 supplies the detected steering information of the steering 
shaft to the parking assist ECU 12. The parking assist ECU 12 supplies a target 
steering angle required for the steering shaft to the EPS 18 during the 
implementation of the parking assist control (to be mentioned later). The EPS 18 
generates the torque required for the parking assist control in the electric motor 
after receiving the information of the target steering angle from the parking 
assist ECU 12. 

[0022] The parking assist ECU includes a memory 20. The memory 20 stores the 
information of the target parking position set by the driver and the traveling 
locus to the target parking position produced by calculation. The information 
stored in the memory 20 is generally deleted when the parking assist control is 
completed, i.e., a shift lever is shifted to a parking position, neutral position and 
the like from the reverse position, or the vehicle approaches to the target parking 
position. 

[0023] An operation of the parking assist apparatus 10 of the present 
embodiment is explained as follows. 

[0024] Fig. 2A is a view showing an image displayed on the screen of the touch 
display 16 when the target parking position for the garage parking is set in the 
parking assist apparatus 10. Fig. 2B is a view showing an image displayed on 

7 



the screen of the touch display 16 when the target parking position for the 
parallel parking is set in the parking assist apparatus 10 of the present 
embodiment. 

[0025] When the shift lever of the vehicle is shifted to the reverse position, the 
rearward image of the vehicle taken by the camera 14 is displayed on the screen 
of the touch display 16. At this time, in addition, the switches for starting the 
garage parking mode and the parallel parking mode are both displayed on the 
screen. 

[0026] When the garage parking mode switch is operated by a touch operation in 
the aforementioned state, a frame S (hereinafter called "parking space frame") 
into which the vehicle should be parked on the road by the garage parking, and 
an arrow button switch C for moving and rotating the parking space frame S are 
both displayed on the screen of the touch display 16 as shown in Fig. 2A while 
the rearward image of the vehicle taken by the camera 14 is displayed on the 
screen. 

[0027] In this case, the arrow button switch C includes an upward switch for 
moving the parking space frame S away from the vehicle on the road, a 
downward switch for moving the parking space frame S toward the vehicle, a 
leftward switch for moving the parking space frame S in the leftward direction, a 
rightward switch for moving the parking space frame S in the rightward 
direction, a counterclockwise switch for rotating the parking space frame S in the 
counterclockwise direction, and a clockwise switch for rotating the parking space 
frame S in the clockwise direction. The parking space frame S can be moved in 
four directions and rotated with respect to a center thereof. 
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[0028] When the parallel parking mode switch is operated by touching on the 
screen of the touch display 16, the parking space frame S for showing the target 
parking position into which the vehicle should be parked on the road by the 
parallel parking and the arrow button switch C are both displayed on the screen 
as shown in Fig. 2B while the rearward image of the vehicle taken by the camera 
14 is displayed on the screen. 

[0029] In this case, the arrow button switch C includes the aforementioned 
upward switch, the downward switch, the leftward switch, and the rightward 
switch without the counterclockwise switch or the clockwise switch. In the 
parallel parking, the parking space frame S can be moved in four directions but 
not be rotated with respect to the center thereof. That is, the vehicle is only 
moved in a longitudinal direction and a transverse direction. 
[0030] The parking space frame S has a rectangular shape substantially 
corresponding to a dimension of the vehicle. However, on the screen, the parking 
space frame S is in a shape in accordance with a position on the screen. In 
addition, each time the arrow button switch C is operated by the touch operation 
of the driver, the parking space frame S is moved by X cm (5cm, for example) or 
rotated by Y° (1 ° , for example) on the actual road. In this case, the more the 
parking space frame S is close to the vehicle, the greater the moving amount of 
the parking space frame S is on the screen of the touch display 16 by the touch 
operation due to a perspective relation in the vehicle rearward image taken by 
the camera 14. 

[0031] When the garage parking mode switch or the parallel parking mode switch 
is operated by touching, a confirmation button switch K for confirming a setting 
of the target parking position by the parking space frame S is displayed together 



with the parking space frame S and the arrow button switch C on the screen. 
When the confirmation button switch K is operated after the parking space frame 
S is moved to a required position, the setting of the target parking position is 
fixed and also the calculation of the traveling locus to that target parking 
position from the present vehicle position, which is defined as an initial position, 
is started. 

[00321 Fig. 3 is a view showing the traveling locus to the target parking position 
at the garage parking. In the garage parking mode, the traveling locus to the 
target parking position is calculated based on a relative position relation between 
the present vehicle position and the target parking position so that 1- straight 
reverse interval of a predetermined distance Zl, 2' steering angle maximizing 
interval, 3: fixed interval of the steering angle, 4: steering angle minimizing (i.e. 
returning) interval, and 5- straight reverse interval of a predetermined distance 
Z2 are appropriately formed as the traveling locus in case that a predetermined 
geometric position condition determined by a minimum turning radius of the 
vehicle and the relative position relation between the present vehicle position 
and the target parking position is satisfied. 

[0033] Fig. 4 is a view showing the traveling locus to the target parking position 
at the parallel parking. In the parallel parking mode, the traveling locus to the 
target parking position is calculated based on the relative position relation 
between the present vehicle position and the target parking position so that two 
circles in contact with each other as the traveling locus are appropriately formed 
in case that the predetermined geometric position condition determined by the 
minimum turning radius of the vehicle and the relative position relation between 
the present vehicle position and the target parking position is satisfied. 
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[0034] When the traveling locus to the target parking position is calculated and 
generated in the garage parking mode or the parallel parking mode, the 
information of the traveling locus and the target parking position is stored in the 
memory 20. In this case, the arrow button switch C and the confirmation button 
switch K are not displayed on the screen of the touch display 16. Then, the inside 
of the parking space frame S becomes colored with green, for example, thereby 
showing that the parking assist control can be conducted. Whereas, when the 
traveling locus to the target parking position is not generated, the inside of the 
parking space frame S becomes colored with red, for example, thereby showing 
that the parking assist control can not be conducted. In this case, the arrow 
button switch C and the confirmation button switch K are kept displayed on the 
screen for urging the driver to change the target parking position. 
[0035] When the vehicle starts reversing by a creep force and the like caused by 
the driver canceling the brake operation in a state in which the traveling locus to 
the target parking position is generated, the traveling amount of the vehicle is 
calculated subsequently. The vehicle position relative to the generated traveling 
locus is calculated based on the calculated traveling amount of the vehicle and 
the steering angle information from the EPS 18. In addition, the target steering 
angle for moving the vehicle along the generated traveling locus is calculated. 
The calculated target steering angle is supplied to the EPS 18. The EPS 18 
generates the torque in the electric motor for rotating the steering shaft based on 
the target steering angle obtained from the parking assist ECU 12 so that the 
vehicle is guided along the generated traveling locus. 
[0036] Further, when the vehicle starts reversing in a state in which the 
traveling locus to the target parking position is generated, the traveling amount 
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of the vehicle is calculated subsequently and also a reset button switch is 
displayed on the screen of the touch display 16. The reset button switch is 
provided for changing the target parking position presently set to the other 
position. That is, resetting of the target parking position can be achieved by the 
reset button switch. The reset button switch is desirably effective only when the 
vehicle is in a stopped state. 

[0037] When the reset button switch is not operated by touching, the parking 
assist control is performed in accordance with the information of the traveling 
locus and the target parking position stored in the memory 20 at that time. 
Whereas, when the reset button switch is operated by touching, the arrow button 
switch C, the parking space frame S with no color, and the confirmation button 
switch K are again displayed on the screen of the touch display 16 as shown in 
Figs. 2A and 2B. Then, when the confirmation button switch K is operated again 
by touching after the parking space frame S is shifted to a required position, the 
resetting of the target parking position is fixed. The traveling locus to the target 
parking position from the present vehicle position at that time, which is defined 
as the initial position, is started to be calculated. 

[0038] The calculation of the traveling locus to the target parking position at the 
resetting is performed based on the steering angle at the resetting and the 
relative position relation between the present vehicle position and the target 
parking position in case that the position condition for calculating the traveling 
locus at the resetting is different from that at the initial setting. Then, the 
procedure in response to whether the traveling locus is generated or not is 
performed, which is the same condition as in the initial setting. Each time the 
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reset button switch is operated by touching, the same procedure is conducted 
afterwards. 

[0039] According to the above structure of the parking assist apparatus 10, the 
parking assist control for automatically steering the vehicle along the traveling 
locus to the target parking position being set by the vehicle driver can be 
performed at the garage parking and the parallel parking. With the 
implementation of the parking assist control, the vehicle driver is not required to 
conduct the steering operation when parking the vehicle in the target parking 
position. Thus, a burden of the steering operation of the driver may be reduced 
during the garage parking and the parallel parking according to the parking 
assist apparatus 10 of the present embodiment. 

[0040] Further, when the vehicle starts reversing with the traveling locus to the 
target parking position being generated, subsequently the traveling amount of 
the vehicle is calculated based on the movement thereof. At the same time, the 
present vehicle position relative to the target parking position is calculated. 
Then, a deviation amount of the detected present position from the generated ' 
traveling locus at the initial setting or the resetting stored in the memory 20 at 
the present moment, precisely the deviation amount of the detected present 
position from an actually desired position of the vehicle on the generated 
traveling locus obtained if the vehicle moved on the generated traveling locus 
with a distance corresponding to the traveling amount from the initial position to 
the present vehicle position, is calculated. 

[0041] When the deviation amount is relatively small, it is determined that the 
vehicle moves substantially appropriately along the traveling locus and thus can 
reach the target parking position. Meanwhile, when the deviation amount is 
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relatively large, the vehicle may not reach the target parking position by being 
automatically steered along the generated target locus. In this case, the 
traveling locus is required to be appropriately changed so that the vehicle can 
reach the target parking position. Then, when the deviation amount of the 
present position from a presently required position on the traveling locus reaches 
a first predetermined value LI (5cm, for example), the traveling locus from the 
present position to the target parking position being presently set is started to be 
calculated (i.e. new traveling locus). 

[0042] The new traveling locus to the target parking position is calculated based 
on the steering angle at the calculation of the new traveling locus and the 
relative position relation between the present position and the target parking 
position in case that the position condition for calculating the new traveling locus 
is different from that at the initial setting, which is the same manner as the 
traveling locus calculation at the resetting. Then, the procedure in response to 
whether the traveling locus is generated or not is performed, which is the same 
condition as in the initial setting. 

[0043] According to the above-mentioned structure of the parking assist 
apparatus 10, when the vehicle is deviated from the required traveling locus due 
to an existence of a small obstacle such as an inclination of the road and the 
stone, or the disturbance such as a change of wheel radius due to a change of the 
load mounted on the vehicle, the required traveling locus to the target parking 
position being set by the vehicle driver is automatically modified without the 
operation of the vehicle driver. Therefore, even if the vehicle is deviated from the 
required traveling locus, the vehicle can accurately reach the previously set 
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target parking position by the automatic steering, thereby appropriately 
performing the parking assist control. 

[0044] Fig. 5 is a view showing a state in which the traveling locus to the target 
parking position is changed in accordance with the movement of the vehicle when 
a system error occurs. As mentioned above, when the deviation amount of the 
present vehicle position from the presently required position on the traveling 
locus reaches the first predetermined value Ll, the new traveling locus to the 
target parking position is calculated. If the system error such as the malfunction 
of the EPS 18 and an inappropriate operation of the electric motor due to a wheel 
falling into a ditch exists in the vehicle, the vehicle cannot be guided to the target 
parking position along the traveling locus due to the system error. That is, the 
vehicle cannot be parked in the target parking position. 

[0045J According to the structure of the present embodiment, the calculation of 
the new traveling locus to the target parking position may be performed 
repeatedly when the system error by which the EPS 18 does not operate 
appropriately is caused. If the calculation of the new traveling locus is repeated, 
the parking assist control keeps steering the vehicle along the new traveling 
locus generated by the calculation, thereby causing the unexpected movement of 
the vehicle. In order to avoid such a problem, it is appropriate to prevent the new 
traveling locus to the target parking position set by the driver from being 
repeatedly calculated and to immediately stop the parking assist control. 
[0046] The more the calculation of the new traveling locus to the target parking 
position is repeated, the more the deviation amount of the thus calculated and 
generated traveling locus is from the initial traveling locus generated when the 
target parking position is set by the vehicle driver. The present vehicle position 
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is largely deviated from the initial traveling locus. Therefore, if the calculated 
deviation amount of the present vehicle position from the initial traveling locus 
becomes greater than a second predetermined value L2 (50cm, for example), 
which is several times greater than the aforementioned first predetermined value 
LI, the parking assist control is brought to be stopped as being defined that the 
calculation of the new traveling locus to the target parking position is repeatedly 
conducted and thus the system error is caused. As a result, the parking assist 
control can be immediately stopped. 

[0047] The parking assist apparatus 10 according to the present embodiment can 
immediately stop the parking assist control at the occurrence of the system error. 
The feature of the present embodiment is explained referring to Fig. 6. 
[0048] Fig. 6 is a flowchart of an example of a control routine conducted by the 
parking assist ECU 12 in the garage parking mode and the parallel parking 
mode according to the present embodiment. The routine of Fig. 6 is repeatedly 
implemented each time the garage parking mode or the parallel parking mode is 
activated. When the routine of Fig. 6 is implemented, a process in Step 100 is 
first conducted. 

[0049] In Step 100, the parking space frame S is moved by a touch operation on 
the arrow button switch C on the screen of the touch display 16 implemented by 
the vehicle driver, thereby performing the setting of the target parking position 
in which the vehicle is desired to be parked. The setting of the target parking 
position includes the resetting thereof by the touch operation on the reset button 
switch by the vehicle driver performed after the vehicle starts to move along the 
initially generated traveling locus by the parking assist control. 
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[0050] In Step 102, the target parking position is first fixed via the confirmation 
button switch K being operated by touching on the screen of the touch display 16. 
Next, the traveling locus from the present position defined as the initial position 
to the target parking position is calculated. In this case, the traveling locus 
generated by this calculation is the initial traveling locus initially calculated 
after the target parking position is set. Then, the information of the target 
parking position and the initial traveling locus is stored in the memory 20, which 
is maintained until the parking assist control is completed or stopped. When the 
traveling locus is generated in Step 102, the process is proceeded to Step 104. 
Meanwhile, when the traveling locus is not generated in Step 102, the process for 
urging the driver to change the above target parking position is performed. 
[0051] In Step 104, the parking assist control is started to automatically steer the 
vehicle by instructing the EPS 18 in accordance with the movement of the vehicle 
so that the vehicle moves along the traveling locus generated by the calculation 
in Step 102. 

[0052] In Step 106, it is determined whether or not a normal deviation of the 
vehicle is caused at the present time. That is, it is determined whether or not the 
deviation amount of the vehicle from the latest traveling locus (initial traveling 
locus or a new traveling locus) presently set and on which the vehicle should be 
positioned, i.e., precisely the deviation amount of the present vehicle position 
from an actually desired position on the latest traveling locus obtained if the 
vehicle moved on the latest traveling locus with a distance corresponding to the 
traveling amount from the initial position to the present vehicle position, is equal 
to or greater than the first predetermined value LI. 
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[0053] The first predetermined value LI is a minimum distance between the 
present vehicle position and the traveling locus obtained at that time by which 
calculation of the new traveling locus to the target parking position is required. 
When it is determined that the normal deviation is caused according to the result 
in Step 106, the process is proceeded to Step 108. Meanwhile, when it is 
determined that the normal deviation is not caused, Step 108 is skipped and the 
process is proceeded to Step 110. 

[0054] In Step 108, the new traveling locus from the present vehicle position to 
the target parking position being set in Step 100 is calculated. After the process 
in Step 108, the parking assist control is performed by using the newly generated 
traveling locus along which the vehicle is guided instead of the previous traveling 
locus. After completion of Step 108, the process is proceeded to Step 110. 
[0055] In Step 110, it is determined whether or not a deviation by which the 
parking assist control is required to stop occurs in the vehicle. That is, it is 
determined whether or not the deviation amount of the vehicle from the initial 
traveling locus first generated after the target parking position is set or reset, 
precisely the deviation amount of the present vehicle position from an actually 
desired position on the initial traveling locus obtained if the vehicle moved on the 
initial traveling locus with a distance corresponding to the traveling amount from 
the initial position to the present vehicle position, is equal to or greater than the 
second predetermined value L2. 

[0056] The second predetermined value L2 is a minimum distance between the 
present vehicle position and the initial traveling locus by which the parking 
assist control should be stopped and is defined as several times greater than the 
above-mentioned first predetermined value Ll. When it is determined that the 
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deviation is not caused in Step 110, the process is proceeded to Step 112. 
Meanwhile, when it is determined that the deviation is caused, the process is 
proceeded to Step 116. 

[0057] In Step 112, it is determined whether or not the vehicle reaches the target 
parking position or the vicinity of the target parking position. When it is 
determined that the vehicle does not reach the target parking position or the 
vicinity of the target parking position yet, the process after Step 106 is repeated. 
When it is determined that the vehicle reaches the target parking position or the 
vicinity of the target parking position, the process is proceeded to Step 114. In 
Step 114, the parking assist control for guiding the vehicle to the target parking 
position by the automatic steering operation is finished. Then the information 
stored in the memory 20 is deleted. After completion of Step 114, the present 
routine is terminated. 

[0058] Whereas, in Step 116, the parking assist control is stopped and at the 
same time the driver is informed visually through the screen of the touch display 
16 or audibly through a speaker that the system error is caused and therefore the 
parking assist control is stopped. Subsequently, the traveling locus to the target 
parking position set in Step 100 is not calculated and also the vehicle is not 
automatically steered. The vehicle driver is informed of the stop of the parking 
assist control due to the system error. After the completion of Step 116, the 
present routine is terminated. 

[0059] According to the routine shown in Fig. 6, when the present vehicle position 
is deviated from the actually desired position on the initial locus by the second 
predetermined value L2 or more and thus the parking assist control is required 
to stop after the parking assist control is started in the garage parking or the 
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parallel parking mode, the parking assist control can be stopped. When the 
present vehicle position is widely deviated from the initial locus, it is determined 
that the new locus to the target parking position is generated multiple times. 
Then, it is determined that the parking assist control is not appropriately 
performed due to the system error such as the vehicle falling into the ditch. In 
this case, the parking assist control itself is not required since the vehicle cannot 
reach the target parking position even if the parking assist control is continued. 
[0060] Therefore, according to the parking assist apparatus 10 of the present 
embodiment, the parking assist control can be immediately stopped at the 
occurrence of the system error, thereby avoiding the unexpected behavior of the 
vehicle due to the continuation of the parking assist control. 
[0061] According to the aforementioned present embodiment, when the parking 
assist control is stopped due to the deviation of the present vehicle position from 
the initial locus, the traveling locus to the target parking position is prohibited to 
be calculated subsequently regardless of the vehicle position and thus the 
traveling locus is not generated. The new locus to the target parking position is 
not required to be calculated when the parking assist control is not performed 
and the vehicle is not automatically steered along the traveling locus. Thus, the 
new traveling locus to the target parking position is prevented fronj being 
unnecessarily calculated according to the present embodiment. 
[0062] In addition, according to the present embodiment, when the parking assist 
control is stopped due to the deviation of the present vehicle position from the 
initial traveling locus, at the same time the driver is visually and audibly 
informed of the occurrence of the system error and the stop of the parking assist 
control due to the system error. In this case, the driver can be notified that the 
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parking assist control is stopped due to the system error. Therefore, it can be 
avoided that the parking assist control is stopped by the system error without 
notification to the vehicle driver. 

[0063] According to the present embodiment, only the automatic steering by the 
electric motor of the EPS 18 is performed as the parking assist control for guiding 
the vehicle to the target parking position along the traveling locus. However, the 
present embodiment is not limited to this and the driving and controlling of the 
vehicle may be also automatically performed without the operation of the vehicle 
driver. Further, the operation of the vehicle driver may be assisted by indicating 
the reference line on the screen of the touch display 16 or an audio guidance. 
[0064] Further, according to the present embodiment, the determination of 
whether or not the present vehicle position is deviated and thus the parking 
assist control is required to stop is based on whether or not the deviation amount 
of the present vehicle position from the initial traveling locus reaches the second 
predetermined value L2. However, instead, the determination whether or not 
the parking assist control is required to stop may be based on whether or not a 
number of the traveling locus to the target parking position being generated by 
calculation, which is obtained by counting after the initial traveling locus is first 
generated by the driver setting or resetting the target vehicle position, reaches a 
predetermined counted value. 

[0065] In the aforementioned structure, the parking assist ECU 12 determines 
whether or not the deviation of the present vehicle position by which the parking 
assist control is required to stop is caused based on the number of the generated 
traveling locus to the target parking position being counted after the initial 
traveling locus is generated. When the calculation and generation of the 
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traveling locus to the target parking position are repeatedly performed, it is 
determined that the parking assist control is not appropriately performed due to 
the system error and thus the vehicle cannot be guided along the traveling locus. 
Therefore, the parking assist control can be immediately stopped according to 
this structure in the same way as the aforementioned embodiment and prevent 
the unexpected operation of the vehicle due to the continuation of the parking 
assist control. 

[0066] The principles, preferred embodiment and mode of operation of the 
present invention have been described in the foregoing specification. However, 
the invention which is intended to be protected is not to be construed as limited 
to the particular embodiment disclosed. Further, the embodiment described 
herein is to be regarded as illustrative rather than restrictive. Variations and 
changes may be made by others, and equivalents employed, without departing 
from the spirit of the present invention. Accordingly, it is expressly intended that 
all such variations, changes and equivalents which fall within the spirit and 
scope of the present invention as defined in the claims, be embraced thereby. 
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